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We established an orthotopic non-muscle invasive bladder cancer (NMIBC) mouse model 
expressing the mammalian target of the rapamycin (mTOR) signaling pathway. After 
intravesical instillation of KU-7-lucs (day 0), animals were subsequently monitored by 
bioluminescence imaging (BLI) on days 4, 7, 14, and 21 , and performed histopathological 
examination. We also validated the orthotopic mouse model expressing the mTOR 
signaling pathway immunohistochemically. In vitro BLI photon density was correlated with 
KU-7-luc cell number (r^ = 0.97, P< 0.01) and in vivo BLI photon densities increased 
steadily with time after intravesical instillation. The tumor take rate was 84.2%, formed 
initially on day 4 and remained NMIBC up to day 21 . T1 photon densities were significantly 
higher thanTa (P< 0.01), and histological tumor volume was positively correlated with BLI 
photon density (r^ = 0.87, P< 0.01). The mTOR signaling pathway-related proteins were 
expressed in the bladder, and were correlated with the western blot results. Our results 
suggest successful establishment of an orthotopic mouse NMIBC model expressing the 
mTOR signaling pathway using KU-7-luc cells. This model is expected to be helpful to 
evaluate preclinical testing of intravesical therapy based on the mTOR signaling pathway 
against NMIBC. 
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INTRODUCTION 

Bladder cancer is the fourth most common cancer and the sec- 
ond most frequently diagnosed urologic cancer in men (1). Bla- 
dder cancer occurs as non-muscle invasive bladder cancer (NM- 
IBC) and muscle-invasive bladder cancer according to disease 
severity, whereas > 70% of bladder cancer is NMIBC (2). Trans- 
urethral resection is the mainstay surgical treatment for NMIBC 
with an 80% success rate at the early stage; however, nearly 70% 
of patients suffer from tumor recurrence within 5 yr (3). Althou- 
gh the therapeutic protocols currently available for NMIBC, in- 
cluding intravesical bacillus Calmette-Guerin, have delayed 
progression, many patients with NMIBC experience disease 
progression with extended follow-up (4). Thus, there is a need 
to develop novel chemotherapeutic strategies to prevent dis- 
ease progression and recurrence, and better knowledge about 
aberrant activation of cell signaling pathways that are involved 
in NMIBC to identify novel molecular targets. 



One such target, the phosphatidylinositol 3 '-kinase (PI3K) 
pathway, activates a number of signaling molecules, and the 
Akt/mammalian target of the rapamycin (mTOR) pathway is of 
particular interest because of its role inhibiting apoptosis and 
promoting cell proliferation (5). mTOR controls protein synthe- 
sis by phosphorylating downstream substrates, including p70S6 
kinase (p70S6K) and eukaryotic initiation factor (elF) 4E bind- 
ing protein 1 (4E-BP1) (6). The PI3K/Akt/mT0R signaling path- 
way is linked to NMIBC, and its downstream effectors are asso- 
ciated with a high level of disease recurrence and progression 
as well as poor cancer-specific survival in vitro and in vivo (7, 8). 
Consequently, establishing a standard NMIBC animal model 
could contribute to research about the novel chemotherapeutic 
strategies related to the PI3K/Akt/mT0R signaling pathway to 
prevent recurrence and prevent the disease. 

Orthotopic animal models enable a faster and clinically ac- 
curate tumor model to be obtained that is useful to better ap- 
proximate human tumor cells (9). The use of immunodeficient 
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mice in bladder cancer research has allowed direct implanta- 
tion of human carcinomas into the corresponding organ of the 
animal model. Furthermore, advances in small animal imag- 
ing, such as bioluminescence imaging (BLI), have improved 
the capability to follow cancer progression non-invasively in 
vivo. BLI has the potential to become a valuable tool for early 
detection of tumor growth, and the orthotopic NMIBC model 
with BLI is optimum to evaluate various intravesical therapy 
methods (10). In this study, we established an orthotopic NMIBC 
mouse model expressing the mTOR signaling pathway, augment- 
ed by the use of serial BLI for in vivo tumor assessment and pre- 
clinical testing of intravesical therapy based on the mTOR sig- 
naling pathway against NMIBC. 

MATERIALS AND METHODS 

Animal 

Twenty 7-week-old female nude (nu/nu) mice were provided 
by Orient Bio (Seongnam, Korea). Animals spent a 1 week ac- 
climation period under routine laboratory conditions before 
starting the experiments. All animals were housed in cages con- 
taining five animals and kept on a daily 12 hr light/dark cycle. 
Mice were fed a standard balanced diet and water ad libitum. 
The animal study was carried out according to a protocol ap- 
proved by the Institutional Animal Care and Use Committee 
(NCC-12-178). 

Cell culture and reagents 

The KU-7 human bladder cancer cell line, engineered to stably 
express firefly luciferase and green fluorescent protein (KU-7- 
luc), was provided by Dr. HK Seo (National Cancer Center, Go- 
yang, Korea). KU-7-luc was purchased from Caliper Life Sci- 
ences (Hopldnton, MA, USA). The in vitro study was performed 
using established human bladder cancer cell lines such as RT4, 
253 J, T24, 5637, TCCSUP cell lines, which were obtained from 
the Korean Cell Line Bank (Seoul, Korea). The six human blad- 
der cell lines were used for Western blot. RT4 and T24 were cul- 
tured in McCoy's 5A Modified Medium (Gibco, Grand Island, 
NY, USA) with 10% fetal bovine serum (FBS). 253J and TCCSUP 
cells were cultured in Dulbecco's modified Eagle's medium 



(Gibco) supplemented with 10% FBS. The 5637 and KU-7-luc 
cells were cultured in Roswell Park Memorial Institute medium 
(Gibco), supplemented with 10% FBS. All media contained 50 
jag/mL gentamycin sulfate, and all cell lines were maintained at 
37°Cin5%C02. 

Western blot analysis 

The RT4, 253 J, T24, 5637, TCCSUP, KU-7-luc cells were harvest- 
ed, washed with PBS, and lysed in ice-cold RIPA lysis buffer (50 
mM Tris-HCl pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% Triton 
X-100, 1% sodium deoxycholate, 0.1% SDS, 1 mM PMSF, 5 mM 
aprotinin, leupeptin, and pepstatin) for 30 min. After protein 
quantitation with a BCA assay kit (Pierce, Rockford, IL, USA), 80 
Iig protein was boiled in sample loading buffer for 5 min before 
separation by sodium dodecyl sulfate polyacrylamide gel elec- 
trophoresis. Proteins were transferred to a PVDF membrane, 
and blots were blocked with 5% non-fat dry milk in Tris-buff- 
ered saline with 0.1% Tween-20 (TBST) buffer (50 mM Tris-HCl, 
pH 7.4, 0.15 mM NaCl, 0.1% Tween-20) for 30 min at room tem- 
perature. The PVDF membranes (Millipore, Billerica, MA, USA) 
were incubated overnight at 4°C with the indicated antibodies 
(Table 1). The blots were rinsed with TBST, incubated with a 
1:3,000 dilution of goat anti-rabbit IgG antibody (Pierce), which 
had been conjugated with horseradish peroxidase for 1 hr at 
room temperature, and washed three times in TBST buffer for 
10 min. The transferred proteins were visualized with a Super- 
Signal West Dura detection kit (Pierce) and exposed to the Che- 
miDocTMXRS system (Bio-Rad, Hercules, CA, USA). 

Intravesical orthotopic model of bladder cancer 

Nineteen female nude (nu/nu) mice at 7-weeks-of-age (Orient 
Bio) were anaesthetized with isofluranefor intravesical implan- 
tation of KU-7-luc cells. The bladder urothelium was chemically 
lesioned by injecting 100 |iL of poly-L-lysine (PLL; Sigma, St. 
Louis, MO, USA) into the bladder of each animal through a 24- 
gauge catheter (B/BrAUN, Melsungen, Germany). Bladders 
were washed with PBS and subsequently instilled with KU-7- 
luc cells (2.0 X 10^) suspended in 50 iiL PBS via a catheter. The 
cells were retained in the bladder for 2 hr by tying off the ure- 
thral orifice (Fig. lA). 



Table 1. Antibodies used for immunoGliemical staining 



Antigen 


Catalog number 


Species 


Source 


Pretreatment 


Dilution 


Incubation 


mTOR (7C10) 


2983 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 


Phospho-mTOR (Ser2448) 


2971 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 


P70S6Kinase 


9202 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 


Phospho-70S6Kinase (Ser371) 


9208 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 


4E-BP1 


9452 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 


Phospho-4E-BP1 (Ser65) 


9451 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 


elF4E 


9742 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 


Phosphor-elF4E (Ser209) 


9741 


Rabbit mAb 


Cell signaling technology 


Citrate buffer pH 6.0 microwave for 20 min 


1 


50 


1 hr at RT 



RT, room temperature. 
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Fig. 1. Serial bioluminescence imaging and histopathological findings in the mice bladder after intravesical instillation of Ku-7-luc cells. (A) Schematic summary of the investi- 
gation. (B) Microscopic appearance of the KU-7-luc bladder tumor after hematoxylin and eosin staining of each stage groups taken randomly on days 4, 7, 1 4, and 21 . 



In vitro and in vivo BLI of KU-7-luc cells 

KU-7-luc cells were imaged using an IVIS 200 (Xenogen Corp., 
Alameda, CA, USA). Cultured cells were imaged in 24-well pla- 
tes (BD Falcon, Franklin Park, NJ, USA) 10 min after adding D- 
luciferin (0.15 mg/mL, Invitrogen, Carlsbad, CA, USA) to the 
growth medium. Images were acquired and analyzed using 
Living Image software ver. 2.50 (Xenogen). Regions of interest 
(ROIs) were defined manually over cells to quantify signal in- 
tensities. 

In vivo BLI of KU-7-luc cells was evaluated 10 min after intra- 
peritoneal administration of 150 mg/kg D-luciferin (Invitrogen) 
on days 4, 7, 14, and 21, respectively after tumor cell implantation. 



The bioluminescence signal was acquired and analyzed using 
Living Image software ver. 2.50. ROIs were defined manually to 
encompass the bladder and quantify signal intensity (Fig. lA). 

Histology and immunohistochemistry 

We killed five mice with suspicion of bladder cancer as detected 
by BLI. The bladders were harvested and opened in the sagittal 
plane. After gross examination, the bladders were fixed in 4% 
paraformaldehyde, routinely processed and paraffin embed- 
ded, and stained with hematoxylin and eosin (H&E). We evalu- 
ated tumor stage by observing histological staining through a 
microscope (Fig. IB). Bladder sHces were sectioned into 5 |im 
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sections using a microtome and stained with H&E for tumor 
volume measurements (largest width^ x largest length x 0.5). 

Tissues were then stained in one batch following the immu- 
nohisto chemistry protocol. The sections were heated in a mi- 
crowave in 10 mM citric buffer for 20 min for antigen retrieval. 
The sections were incubated with the antibodies shown Table 1 
overnight at 4°C. Table 1 lists all pertinent markers, including 
the vending, clone, dilution, pretreatment, and incubation con- 
ditions. The bound antibodies were visualized using Polink-2 
plus HRP rabbit with an AEC kit (Golden Bridge International, 
Inc, Muldlteo, WA, USA). 

Statistical analyses 

SPSS software package ver. 20 (SPSS, Inc., Chicago,IL, USA) was 
used for all statistical analyses. One-way analysis of variance 
was used to detect significant differences between the groups, 
and Pearson's correlation test was used to study associations 
among parameters. A P < 0.05 was considered significant. 



RESULTS 

In vitro and in vivo BLI of KU-7-luc cells 

Fig. 2A shows a representative result of the linear proportional 
relationship between the in vitro BLI photon densities emitted 
from the cells at each cell number. The photon densities at cell 
numbers of 1 x 10', 1 x 10', and 3 x 10' were (1.32 ± 0.08) x 10', 
(1.59 ± 0.22) X 10', and (3.4 ± 0.07) x 10' photons/s respective- 
ly, and there was a good correlation between bioluminescence 
and cell number (r^ = 0.97, P < 0.01). In vivo BLI photon densi- 
ties were evaluated on days 4, 7, 14, and 21 days after the KU-7- 
luc cells were instilled, and the graph representing biolumines- 
cence increased steadily with time (Fig. 2B). 

Correlation between bioluminescence and histological 
tumor stage and volume 

Overall, 16 of 19 mice (84.2%) detected by BLI developed blad- 
der cancer; and one mouse died 5 days after insillation of tu- 
mor cells into the bladder. In all mice, bladder cancers were de- 



6 r 100 r 




Fig. 2. x40 and x100 magnification. Bioluminescence imaging of KU-7-luc tumors in vitro and in vivo. (A) Correlation between KU-7-luc cells and in vitro bioluminescence. 
Cells were serially diluted in a 96-well plate starting with 1 xl 0"* cell/well. Luciferin (0.15 mg/mL) was added to the wells, and the plate was imaged for 30 sec in an IVIS 2000 
systemafter 15 min. Experiments were done in quadruplicate. (B) In vivo imaging of tumor growth over time. After intravesical instillation of 2x10^ Ku-7-Luc cells on day zero, 
mice were imaged at 4, 7, 14, and 21 days. (C) Comparison of bioluminescence according to histological tumor stage. Error bars indicated standard error. (D) Correlation be- 
tween bioluminescence and histological tumor volume. Bioluminescence is quantified in photons/s, n = 19. V< 0.05, *P< 0.01 . 
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tected on BLI before any clinical signs (hematuria or palpable 
tumor) developed. Table 2 shows the histological stage of blad- 
der cancer in the mice models at each time point. The first tu- 
mor seen was stage Ta at 4 days, and the tumors progressed into 



Table 2. Histological stage of five mice with bladder tumors scheduled per time point 



1 


4 days 


7 days 


1 4 days 


21 days 


No. of mice 


5 


5 


5 


4 


N 


1 


1 


2 


0 


Tis 


3 


2 


0 


1 


Ta 


1 


2 


2 


1 


Tl 


0 


0 


1 


2 


T2-4 


0 


0 


0 


0 



Ten sections were prepared from each bladder sample followed by hematoxylin and 
eosin staining. Tris, carcinoma (cancer) in situ, or "flat tumor. Ta, noninvasive papil- 
lary carcinoma. Tl , spread to the subepithelial connective tissue. 



Tl stage at 14 days. Tl stage tumors were predominant at 21 days 
but no muscle invasive bladder cancer was seen. 

Fig. 2C shows the BLI photon densities according to bladder 
cancer stage, and the photon densities of Tl ([67.7 ± 23.5] x 10^ 
photons/s) were higher than those of Ta ([9.8 ± 1.5] x 10^ pho- 
tons/s) significantly (P < 0.01). Fig. 2D presents the BLI photon 
densities associated with tumor volume. When tumor volume 
was 0.72, 2.74, and 7.07 |iL, photon intensities were 0.3 x 10^ 
21.0 X 10^, and 81.1 x 10^ photons/s, respectively, and histologi- 
cal tumor volume was positively correlated with BLI photon 
density (^ = 0.87, P < 0.01). 

Western blot analysis for mTOR pathway protein 
expression in the bladder cancer cell lines 

As shown in Fig. 3A, mTOR signaling pathway-related protein 



RT4 253J 124 5637 TCCSUP KU-7-luc 
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Fig. 3. mTOR signaling pathway related protein expression in human bladder cancer cell lines and the orthotopic mouse non-muscle invasive bladder cancer model using KU- 
7-luc cells. (A) Western blot analysis to evaluate the expression of phosphorylated-mTOR (p-mTOR), mTOR, p-70S6K, p70S6K, p-4EBPl , 4EBP1 , p-elF4E, and elF4E in the hu- 
man bladder cancer cell lines. (B) Immunohistochemical staining for p-mTOR, mTOR, p70S6K, p-p70S6K, 4E-BP1 , p-4E-BPl , elF4E, p-elF4E in the orthotopic mouse non-mus- 
cle invasive bladder cancer model using KU-7-luc cells. mTOR, mammalian target of the rapamycin; p70S6K, p70S6 kinase; 4E-BP1 , eukaryotic initiation factor 4E binding pro- 
tein 1 ; elF4E, eukaryotic initiation factor 4E. 
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expression of the KU-7-luc cell line for mTOR, phosphorylated 
mTOR (p-mTOR), p70S6K, p-p70S6K, 4E-BP1, p-4E-BPl, eIF4E, 
and p-eIF4E were well observed. These results were consistent 
with those for the other bladder cancer cell lines (RT4, 253 J, T24, 
5637, and TCCSUP). 

Immunohistochemical staining for mTOR signaling 
pathway-related proteins in the orthotopic mouse NMIBC 
model 

To determine the difference in mTOR signaling pathway- relat- 
ed protein expression between the in vitro and in vivo bladder 
cancer model using KU-7-luc cells, we examined the immuno- 
histochemistry of the mTOR signaling pathway- related proteins 
in mouse tumor samples. The expression patterns of mTOR 
signaling pathway-related proteins on immunohistochemical 
staining from the orthotopic mouse NMIBC model using KU-7- 
luc cells was similar to that of the western blot with KU-7-luc 
cells. 

DISCUSSION 

Animal cancer models are important to evaluate the effects of 
different therapeutic interventions. A suitable bladder cancer 
model should resemble the human disease in both histology 
and behavior. Thus, the tumor should grow intravesically and 
should consist of pure urothelial cancer cells. Furthermore, NM- 
IBCs are preferable; and establishing the model should be tech- 
nically easy. The orthotopic bladder cancer model resembles 
the human situation resulting from seeding various tumor cells 
into the bladder mucosa. To enable preclinical testing of intra- 
vesical therapies based on the mTOR signaling pathway against 
NMIBC, we validated an orthotopic mice bladder cancer mod- 
el, and augmented the model by serial BLI for in vivo tumor as- 
sessments. Our overall tumor establishment with 2.0 x 10^ KU- 
7-Luc cells was > 80% in mice at the scheduled time of 4-21 days. 
Moreover, we confirmed that the established orthotopic NMIBC 
model showed similar mTOR signaling pathway expression to 
that in the urothelial cancer cell lines. 

Instillation of human cancer cell lines into the murine blad- 
der can be approached by several methods. One of the appro- 
aches consists of directly injecting of tumor cells into the blad- 
der wall after exposing the bladder with an abdominal incision 
(11-13). Although this technique result in almost 100% tumor 
take for specific cell lines, it requires an open surgical proce- 
dure and does not correctly reflect the NMIBC behavior. The 
tumors usually extend beyond the superficial layer through the 
normal urothelium and, thus, are not suitable for intravesical 
therapy for NMIBC. Transurethral administration of cancer cells 
with retrograde catheterization allowing for tumor deposition 
and seeding onto the mouse urothelium more closely repro- 
duces NMIBC (10, 14-16). However, tumor take after transure- 



thral inoculation is cell line dependent and less reliable than 
that after intramural injection, so previous methods to enhance 
tumor take rate have involved various pretreatments of the mice 
bladder mucosa with specific agents (10). 

We used poly-L-lysine (PLL) as a pretreatment agent instead 
of trypsin. Tumor take rates were 80%- 100% AAdth trypsin in a 
previous study, but the procedure-related death approached 
nearly 30%. Prolonged anesthesia and bladder perforation might 
be reasons for the high procedure-related mortality (17, 18). PLL 
is a cationic polypeptide used in a wide array of molecular and 
cell biology applications, such as gene transfer, enhancing bio- 
compatibility of engraftment and for maintenance of poorly 
adhesive cells in an adhesive state. PLL enhances the electrosta- 
tic interaction between tumor cells and the bladder mucosa. Af- 
ter instilling 0.1 mL of 0.1 mg/mL PLL (molecular weight 70,000- 
150,000) for 20 min before implanting the cancer cells, one cen- 
ter reported a 94% tumor take rate (19). Tumor take using pre- 
treatment with PLL is not inferior to pretreatment with trypsin 
and is tolerated well without significant adverse reactions or 
mortality of subjects. 

Several imaging techniques (ultrasound, magnetic resonance 
imaging [MRI], or optical imaging) have been introduced in pre- 
clinical and clinical settings to assess presence, real-time growth, 
invasion, and metastasis of malignant tumor cells. Although 
MRI is feasible for detection and treatment monitoring of early 
stage orthotopic murine tumors, it does not offer an accurate 
diagnosis of small early lesions ( < 1 mm in diameter) due to its 
spatial resolution (20, 21). Furthermore, MRI devices are ex- 
pensive and are not avaflable in every center. Intravesical ultra- 
sonography and cystoscopy provide a limited tumor stage posi- 
tive-predictive ratio and low- throughput for following tumors 
after intravesical treatment in the orthotopic model (22, 23). 

Whole-body optical imaging (BLI) allows repeated, real-time 
in vivo monitoring of tumor growth in small laboratory animals. 
BLI provides the most sensitive molecular imaging technique 
to date and does not require expensive and complicated tech- 
nology. In addition, BLI measures only viable cells, an impor- 
tant beneficial feature to assess the real-time efficacy of a thera- 
peutic agent (24). BLI has the potential to become a valuable 
tool for the early detection of tumor growth such as NMIBC. In 
our study, BLI first detected tumors on day 4 after tumor cell 
implantation, which was similar to published studies (10, 25). 
We validated the orthotopic murine model of bladder cancer in 
which tumor burden was longitudinally quantified by BLI and 
histology was used to measure tumor volume and stage. Histo- 
logical tumor volume was significantly correlated with biolumi- 
nescence photon density, and a significant correlation was ob- 
served between photon density and histological tumor stage. 

We also investigated activation status of the mTOR signaling 
pathway to validate whether serial manipulations and treatments 
of the orthotopic bladder cancer mice model might affect mTOR 
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signaling pathway activation status. The ideal orthotopic cancer 
model for intravesical treatment must correctly reflect the char- 
acteristics of human cancer cell lines but there are no valid re- 
ports on this issue. First, we confirmed mTOR signaling path- 
way-related protein expression in the KU-7-luc cell line by ex- 
pressing p-mTOR, mTOR, p70S6K, p-p70S6K, 4E-BP1, p-4E- 
BPl, eIF4E, and p-eIF4E. Expression of these proteins was con- 
sistent with the other bladder cancer cell lines, and immuno- 
histochemical stains from established orthotopic bladder mod- 
els showed similar expression of mTOR signaling pathway-re- 
lated proteins in the KU-7-luc cancer cell line. We suggest that 
our procedures for establishing the orthotopic mouse NMIBC 
model did not significantly affect activation of the mTOR sig- 
naling pathway and our results indicate that our model is suit- 
able for experiments and investigations of the mTOR pathway 
in vivo. In our knowledge, this study is the first study to estab- 
lish orthotopic superficial NMIBC animal model confirmed by 
BLI, and to show activated mTOR pathway. 

The first potential issue was that KU-7-luc cells exhibited an 
aggressive growth pattern and occasional multifocality. How- 
ever, when the KU-7-luc cells were instilled into the mice blad- 
der, they were generally confined to the lamina propria for up 
to 4 weeks after instillation and were correlated with the T1G2 
stage of human bladder carcinoma (10). Xiao et al. (26), describ- 
ed three stages of tumor growth such as early tumor establish- 
ment (1-13 days), mid stage intravesical progression (14-21 days), 
and advanced intravesical progression and extravesical spread 
(22-50 days). We compared in vivo bioluminescence with his- 
tology on days 4, 7, 14, and 21, and performed necropsy of five 
mice whenever tumors were detected. Tumors were first de- 
tected on day 4 but only stages Ta and Tl were observed on day 
21. No MIBC was found during the experiment. 

Another potential issue maybe a concern with this approach. 
A previous report suggested the possibility of intra-abdominal 
and/ or extravesical tumor spread, renal and urethral tumor grow- 
th using a transurethral inoculation method for tumor cells (10). 
Extravesical tumor spread is related to traumatic catheteriza- 
tion resulting in placement of the catheter outside of the blad- 
der, either in the peritoneum or paravesical space. Renal tumors 
are related to prolonged over- distention of the bladder with re- 
sulting vesicourethral reflux (VUR) and subsequent intrarenal 
implantation of tumor cells, and decreased instillation volume 
of tumor cells in PBS prevents VUR in mice, which is the same 
volume (50 |iL) we used. Urethral tumors can also occur after a 
transurethral tumor injection followed by inadequate immobi- 
lization of the mice during tumor inoculation, which is related 
to inappropriate duration and depth of anesthesia. Thus, close 
attention is needed to avoid these problems, and all subjects 
should have appropriate tumor take. 

Although we had these potential issues, our results suggest 
that we successfully established an orthotopic mouse NMIBC 



model expressing the mTOR signaling pathway using KU-7-luc 
cells, and that this model will be helpful to evaluate preclinical 
testing of intravesical therapy based on mTOR signaling against 
NMIBC. 
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